Gel particle is a primal defect in block copolymer (BCP) layer in directed self assembly lithography(DSAL).
Introduction
Directed self assembly lithography (DSAL) resist which is widely studied for one of the next generation lithography is different from conventional chemical amplified resist (CAR) in contents such as polymer, as shown in Table 1 and Table 2 . Therefore, separate study for the optimized filtration and purification should be required. Table 1 Resist contents   Table 2 Resist polymer formulation Common DSAL resist solvent is propylene glycol mono methyl ether acetate (PGMEA), which is known to be chemically compatible with the lithography filter materials, and the compatibility is also proven practically in the conventional CARs. Polymer, as a primal component, is block copolymer (BCP). Molecular chain length of the di-block copolymer in the lamellae self assembled pattern is identical to half pitch and considerably long. Filterability through the lithography filters, which were required to reduce 1/4 pattern pitch [3] without sacrificing any essential contents was anticipated. We studied this point in previous paper [4] , on hydrodynamic diameter of the BCPs, influent and effluent analysis and confirmed consistency of the polymer concentration and molecular weight distribution before and after filtration. Further, generation of the gel like particle is also anticipated based on having much greater molecular weight than conventional CARs and reduction should be studied. Gel particle defects actually took up most of the defects in BCP layer [5] . And the BCP is synthesized via living polymerization, which uses metallic initiator. The metal in the initiator should eventually be removed from the BCP.
Gel removal performance in the conventional CARs filtration highly depends on the filter materials, especially nylon 6,6 outperformed finer rated HDPE on gel removal efficiency [6] [7] [8] [9] [10] .
Similarly, filter material dependence for the DSAL resist should also be studied to elucidate adsorption performance over the filter rating, which describes exclusively sieving performance.
In the current study, we explored lithography process filters with various membrane material on gel removal efficiency in DSAL resist to find optimum filtration process. Further, metal reduction from BCP solution using ion exchange filter and particle removal filters were also studied.
Experimental

Gel removal performance evaluation
Effluents of tested lithography process filters were evaluated via filter clogging indicated by flow decay of the track etch membrane when the effluent was passed through the track etch membrane as shown in Figure 1 .
Test fluid
Polystyrene-block-polymethylmethacrylate (PS-b-PMMA), Mw=35000-b-37000 diblock copolymer, which corresponds to 20 nm half pitch after self assembly in lamellae, was dissolved in electronics grade PGMEA at a concentration of 1.5%, then pre-filtered using 0.2μm rated polytetrafluoroethylene (PTFE) membrane.
Figure 1
Schematic illustration of the gel removal performance evaluation using track etch membrane.
Test filters
Pall 10 nm rated asymmetric nylon 6,6 membrane, Pall 2 nm rated high density polyethylene (HDPE) membrane and Pall 20 nm rated PTFE membrane were used in 47 mm diameter disk.
Track etch membrane
Hydrophilic polyimide track etch membrane (it4ip, pore diameter=30 nm, thickness=12μm and pore density=6×10 9 /cm 2 ) was used for test filter effluent evaluation. Prior to the testing, flow rate of the track etch membranes were measured and consistent membrane were selected.
Filtration test procedure
As shown in Figure 1 , test fluid was passed through each test filter with applying 50kPa of the inlet pressure. An influent and the effluents were then filtered using track etch membrane with applying 180kPa of the inlet pressure to compare clogging indicated by flow decay.
Metal removal testing 2.2.1 Test fluid
Same as 2.1.1.
Test filters
Pall ion exchange filter membrane, Pall 10 nm rated asymmetric nylon 6,6 membrane and Pall 2 nm rated HDPE membrane were used in 47 mm diameter disk.
Filtration test procedure
Test fluid was passed through each test filter. For ion exchange filter membranes, the flow rate was set at 4.2 g/min., 6.2 g/min. and 12 g/min. to compare flow rate dependence because ion exchange reaction is residence time dependent. For 10 nm rated asymmetric nylon 6,6 and 2 nm rated HDPE, the filtration was made with applying 100 kPa of the inlet pressure. The actual flow rate for these membranes were 0.9 g/min. and 1.2 g/min., respectively.
Metal analysis
The metal concentration in the influent and the effluents were analyzed using inductively coupled plasma mass spectroscopy (ICP-MS, Agilent 7700s). Figure 2 shows the clogging of the track etch membrane which indicates the cleanliness of the test filter effluent. The descending order of the clogging is 10 nm rated asymmetric nylon 6,6 > 2 nm rated HDPE > 20 nm rated PTFE, indicates 10 nm rated nylon 6,6 output the cleanest effluent. The fact that 10 nm rated nylon 6,6 outperformed the 2 nm rated HDPE, the finest rated filter based on sieving performance, indicates the nylon 6,6 exerted some adsorption performance in the BCP filtration. The adsorption performance of the nylon 6,6 membrane is well known in the conventional CAR filtration [6] [7] [8] [9] [10] and the similar mechanism may be exerted in the DSAL resist filtration. Tables 3 and 4 show metal concentration in the influent and effluent. High amount of Li and Al were detected in the influent. These metals are assumed to be derived in polymer synthesis [11] .
Results and discussions
Gel removal performance evaluation
Metal removal testing
All tested filters showed certain metal reduction. Descending order of the total metal removal performance is ion exchange filter 4.2 g/min. ≈ 10 nm rated asymmetric nylon 6,6 > ion exchange filter 6.2 g/min. > ion exchange filter 12 g/min. > 2 nm rated HDPE. Ion exchange filter 4.2 g/min. was better than 10 nm rated asymmetric nylon 6,6 in Li and Ca, but nylon 6,6 was better for the other metals. More than 90% reduction was achieved in these two filters. Longer residence time (=lower flow rate) was effective for the metal removal in ion exchange filter as expected. Here, 10 nm rated asymmetric nylon 6,6 and 2 nm rated HDPE are particle removal membranes and especially, the adsorption is not expected for HDPE based on its chemical structure. It is possible to assume that a part of the metal is removed included in particulate form, such as gel particles. Table 4 Metal concentration in the influent and the effluents of the particle retention filters. 1.5% PS-b-PMMA BCP/PGMEA solution. Filters were used in 47mm diameter disk. Order of influent concentration. Unit=ppb
Conclusion
Gel removal performance evaluation for the DSAL BCP solution effluents using track etch membrane elucidated the difference of the gel removal performance of the lithography process filters.
As a result, 10 nm asymmetric nylon 6,6 membrane best performed in gel removal efficiency. Metals probably derived from synthesis or contamination was significantly removed using ion exchange filter, in addition, 10 nm rated asymmetric nylon 6,6 outperformed the ion exchange filter for some metal species.
The detailed form of the metal in the BCP solution and the removal mechanism were not elucidated in the current study.
We will continue to work on possibility for the mechanism that metal was removed by adsorption as metal nucleated gel. Further metal reduction towards semiconductor manufacturing level is expected from the current results and will be another action items. 
